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Abstract

Thi s paper exploits a unique nerger of air quality and
county manufacturing data to quantify manufacturing’ s pollution
externality by industry. By linking pollution to |ocal production,
| estimate cross-sectional pollution production regressions. Rust
Belt cities that were endowed with the | argest concentrations of
the dirtiest industries experience reduced pollution
externalities. | estimate that Gary, |ndiana and Pittsburgh,
Pennsyl vani a experi enced substantial pollution declines as | ocal
primary nmetals activity declined in the 1970s and 1980s.

JEL @5, R12, R23

Keywords: Air Quality, Manufacturing, Cties

*Assi stant Professor of Econom cs and International Affairs,

Col unmbi a University and Visiting Assistant Professor of

Econom cs, Harvard University and U S Census Research Associ ate.
E-mai |l : nkahn@arvard.edu. | thank Richard Arnott, Joyce Cooper
Dora Costa, Mke Cragg, Larry Goul der and participants at d ark,
Federal Reserve Bank of Phil adel phia, NYU, Tufts, and the
Novenber 1996 Regi onal Science neetings and the January 1997 AERE
nmeetings for hel pful coments.



|. Introduction

Bet ween 1967 and 1987, the Rust Belt experienced a 62%
decline in enploynment in primary netals plants (SIC 33).1
Tabl e One shows that this industry’s national enploynent
contracted from1.28 mllion jobs in 1967 to .701 mllion in
1987. As this industry’ s enploynment shrank by 45.3% the Rust
Belt's share of enploynent in this industry fell fromb57.2%to
39.5% 2 Rust Belt cities such as Pittsburgh, Pennsylvania and
Gary, Indiana have experienced significant changes to their
economes. Tine trends in sectoral enploynent shares indicate
that Rust Belt manufacturing is shrinking and the service sector
i s expanding. Table Two reports trends in the share of
manuf acturing and servi ce enploynent for the nation, the Rust
Belt, the non-Rust Belt and Los Angeles and Pittsburgh in 1970,
1980, and 1989. CQutside the Rust Belt, manufacturing grew by
22. 1% bet ween 1970 and 1989. Inside the Rust Belt, manufacturing
declined by 23.6%over this tinme period and Pittsburgh’s

manuf acturi ng enploynent fell by 53.4%

1 define the Rust Belt as; Illinois, Indiana, Mchigan, New Jersey, New
York, Chio, Pennsylvania, West Virginia.

’Barnett and Crandal | (1986) present an excellent account of this
i ndustry’s dynam cs.



Labor studi es have quantified the costs of manufacturing
decline (Jacobson, Lalonde and Sullivan 1993, Neal 1995).% A
benefit of reduced manufacturing is inproved environnmental
quality. Between 1981 and 1986, Pittsburgh’s nean particul ate
| evel decreased by 27.1% while the nation experienced a 14. 9%
decrease. If manufacturing s local environmental externality was
| arge and peopl e value a clean environnment, then Rust Belt cities
such as Pittsburgh or Gary may experience sharp i nprovenents in
quality of life.

Thi s paper exploits a uni que geographical nmerger of county
anbient air quality data to manufacturing plant |level mcro data
to quantify manufacturing’ s pollution externality. By |inking
pollution to | ocal production, | estimate cross-sectional
pol I uti on production regressions to study each industry’s
contribution to | ocal pollution. For cities whose enploynent is
concentrated in these industries, there would be | arge
envi ronment al gains fromreduced manufacturing activity.
predict for manufacturing cities such as Pittsburgh howits air
qual ity has evol ved because of heavy manufacturing decline. The
dol I ar value of this environnmental quality inprovenents is

calculated by multiplying ny estinmates of the pollution inpact

3Neal (1995) reports a 31%wage premiumin the primry netals industry
over retail sales. Jacobson, Lalonde and Sullivan’s (1993) findings suggest
that some displaced manufacturing workers suffer wage | osses of $10 per hour
as they transfer to the service sector. Integrated steel conpany sharehol ders
experi enced sharp | osses between 1976 and 1985 with the average New York Stock
Exchange listed steel company suffering a 50%1o0ss in market val ue (Barnett
and Crandall 1986 Table 1.6).



of manufacturing by per unit valuation estimtes fromthe
hedoni ¢ and epidem ol ogy literatures. For two indicators of

pol lution, anbient particulate levels and toxic releases, | find
evidence that there is a |local environnental “silver lining” only
for counties whose econom es were specialized in heavy

manuf acturing such as primary netals.

This paper’s estinmates of manufacturing s pollution
externality are useful for calculating the net val ue added of
manuf acturing activity. A “green accounting” exercise should
recogni ze that if increased manufacturing activity raises
pollution and pollution Iowers health | evels then the
depreciation of health capital should be taken into account when
judging the benefits of an econony specialized in manufacturing.
My estimates are relevant for considering the potenti al
envi ronmental gains for Eastern European nations that have
experienced reduced heavy manufacturing | evels. These estimtes
are useful for considering whether cities such as Pittsburgh have
experienced a significant increase in their local quality of life
such that they can attract footloose service sector enploynent.?®

By docunenting the negative correl ati on between |ocal air

®The November 11, 1996 issue of Fortune reports “Once upon a tine,
Pittsburgh was all soot, steel and Steelers. But the snokestacks have given
way to glass towers as the city has gone fromworking class to classy ... As a
hone to eight FORTUNE 500 conpanies it still has plenty of econom c strength.
It’s just that in the new Pittsburgh, only 3% of the work force earns a living
producing primary netals.” (Page 140). Fortune magazi ne ranks Pittsburgh as
the #9 “Best City” to live in. Whether steel’s decline is the sole cause of
Pi tt sburgh perceived inprovenents is an open question and would require a
nodel of migrant and service firmlocational choice.
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quality levels and | ocal manufacturing activity, this paper |inks
industry dynamcs to city anenity levels. Wth the exception of
Gyourko and Tracy (1989, 1991), the spatial conpensating
differentials literature has inplicitly assuned that |ocal public
goods are exogenously supplied such as climte (Bl ongui st, Berger
and Hoehn 1988).° Thi s paper does not attenpt to conpare the
private benefits to manufacturing workers and capitalists from

hi gh pol luting manufacturing activity versus the socia
environnental benefits of reduced activity. By estinmating county

| evel pollution production functions, | test political econony

t heories of what county |level factors affect manufacturing
pollution levels (Deily and Gray 1991, G ossman and Krueger

1995) .

Thi s paper is organized as follows. Section Two presents the
enpirical framework for estimating the dollar value of a Rust
Belt city’s pollution externality. Section Three discusses
several data sets used in the analysis. Section Four presents ny

findings and Section Five concl udes.

1. An Enpirical Franework for Estimati ng Manufacturing's

Pol l ution Externality

I'ntuitively, local anmenities such as quality public schools and | ow
crime rates should be positively correlated with industry cycl es because a
boom ng econony provides a |larger tax base which can be used to finance
greater service |levels.



Since air quality is a local public good, the environnental
benefits of a reduction in polluting activity is the product of
t he nunber of individuals affected nmultiplied by their individual
wi |l lingness to pay per unit of pollution reduction multiplied by
the change in pollution with respect to industrial activity.

For exanple in a county with a population of 80, if each person
iswilling to pay $4 per unit reduction of pollution and reduced
manuf acturing causes a 5 unit reduction in pollution, then the
county’s total environnmental benefits fromreduced activity is
$1600.

This paper’s enpirical focus is to quantify the slope of the
pol l uti on production function to estimate how pol | uti on changes
with respect to economc activity levels. In the pollution
production regressions, a data point is a county/year. For
exanple, | fit Cook county in Illinois (Chicago) anbient air
pollution levels in 1982 as a function of econom c activity
within the county. Defining SIC(h) as total economc activity in
a SICtw digit industry naned “h” (such as primary netal s).
Equation (1) presents a nodel to explain pollution levels in

county j at tine t.

pollution, = Zh B, *SIC(h), + W*X, + €, (1)



Esti mates of equation (1) yield which industries create the
| argest externalities and an estimate of the size of the
externalities. The # estimates indicate each industry’s
mar gi nal pollution inpact. Each industry’s pollution inpact can
be estimated because counties differ in their manufacturing
conposition. Sonme are endowed wi th high concentrations of dirty
i ndustry while others are not.

In estimating equation (1) using OLS, | assune that E(, |
SIC(h), X) =0 which assunes that a county’s current manufacturing
level is not a function of its current pollution |evel. Recent
research has found sone evidence that growmh in | oca
manufacturing levels is a function of environnmental regulation
(Gray 1996).8 A location’s environnental regulation is a function
of lagged air quality. It is inportant to note that al nost al
Rust Belt manufacturing plants were built before the Clean Air
Act of 1970 and thus they are regul ated under a | ess stringent

regul atory code than new sources (Portney 1990 p39).° Thus, a

8 n Kahn (1997), | report that controlling for non-manufacturing
enpl oyment growth, county |evel manufacturing growh from 1982-1988 was 14%
[ower in counties that were not in attainment with the ean Air Act’s
particul ate standard in 1977 relative to counties that did not nmonitor air
quality. Henderson (1996) reports simlar evidence that chem cal plants were
less likely to |locate in ozone non-attai nnent areas.

“n addition, Deily and Gray (1991) docunment that |ocal governments ease
regul atory constraints when they appear to threaten | ocal enpl oynment
prospects. Barnett and Crandall (1986) do not mention environmental regulation
as a reason for the decline of integrated steel. They stress high | abor costs,
i ncreased conpetition and | ower demand.
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Rust Belt county’s level of manufacturing activity is unlikely to
be a function of current pollution. A second assunption
inplicit in estimating equation (1) is that all manufacturing
within a given two digit SIC code is fungible (i.e has the sane
i npact on county air pollution).! There would be a | arger
pol lution reduction if |less regul ated ol der vintage plants shut
down.

Thi s paper uses total value shipped, not total enploynent,
as a proxy for a county/industry’s activity in a given year. A
county/industry’s yearly total value shipped is highly correl ated
with total enploynent in that county in that industry. Wile
estimating equation (1) using county/industry enploynent is a
direct method for linking jobs to pollution levels, it does not
control for the fact that industries are changing their capital
to labor ratios over tine toward reduced | abor and hi gher average
product of labor.?? For exanple if the average product of |abor

doubles from 1972 to 1982, then a county/industry which had 50

Of there was great concern about manufacturing s endogeneity, |
could instrunment using | agged county manufacturing.

UDeily and Gray (1996) jointly nodel a steel plant’s environnenta
em ssi ons conpliance decision, the plant’s closing decision and an enf orcenent
deci sion nade by regulators. They find that greater enforcement |eads to
greater conpliance while nore conpliant firns face | ess enforcenent.

2n earlier versions of this paper, | directly regressed air quality on
a county’s manufacturing enploynment mx. These estinmates are avail able on
request. Wile this identifies pollution per worker at a point in tinme, |
cannot use this estimate to predict earlier pollution |evels using historical
data on enploynent within the county if the average product of |abor has
changed over tine.



workers in 1972 and 50 in 1982 woul d be producing much nore
output in 1982 than in 1972. Gven that one of nmy goals is to

i nterpol ate how manufacturing decline has affected specific
city's air quality levels, ignoring changes in the average
product of |abor would lead nme to overestimate past industrial

| evel s and overestimate previous pollution levels. | correct for
this by using total value shipped (output) as the econom c

i ndi cat or.

To Iink enploynment to pollution, | estimate equation (1)
using total value shipped as the proxy for economc activity. For
each industry in year t this yields an estimate of the pollution
per unit of economc activity paraneter: # To relate tota
val ue shipped by two digit SICto total enploynent in a given
year, | estimate equation (2) which yields the average val ue

product of |abor in each year for each two digit SIC industry.

by = Q, SICH))(., Emp(h),) @



Substituting the estimates fromequation (2) into equation (1)

and setting all other variables to zero yields equation (3);

pollution, = ) B, x, x(emp(h)), ®)

Equation (3) relates a county’s enploynent in each industry h at
a point intime toits air quality level. | use this equation
to calculate for Pittsburgh, Gary, and Los Angel es how changes in
enpl oynment levels from 1972-1987 have affected local air quality.
Equation (3) is used to interpolate the counter-factual of what
a city's yearly pollution would have been had industrial activity
remained at its earlier |evels. As a polluting industry such as
SIC 33 declines over tine, this index shows the “silver |ining”.
If B, pollution per unit of economc activity, is low then there
will not be a large “silver lining” nmeasured in units of
pol | uti on.

In the specifications presented bel ow, the pollution
production regression presented in equation (1) is augnented
al ong several inportant dinensions. Two counties with simlar
industrial activity levels mght have different |evels of
pol l uti on because regulation is differentially enforced, or
counties differ with respect to climate, or face different |evels
of cross-boundary externalities. To control for these factors,

the X matrix includes proxies for county |evel politics, inconeg,



state fixed effects, and cross-county pollution externalities.
Hol ding a county’s industrial conmposition and activity |evel
constant, richer counties may have greater demand for clean air.
Thus, | include proxies for county real inconme and incone
squared.®® | also include manufacturing’s share of total county
enpl oynment to study whether manufacturing is |ess regul ated where
it is nore heavily concentrated as a key |ocal enployer (Deily
and Gray 1991).% 1In addition, | include a county’'s average
manufacturing firms size as an indicator of industrial

conposi tion.

It is possible that regulation’s enforcenent is partially a
function of environnmental taste anong the populace. To control
for environnmental ideology variables, | include the percentage of
t he popul ati on who voted for the Denocrat candi date for President
in the previous election.®™ To control for cross-boundary
externalities, | match each county to its adjacent counties to

create proxies for total neighboring manufacturing activity. To

BNote that in the specification, | amcontrolling for industrial
conposition so inconme is not proxying for high levels of dirty activity. | f
the environnent is a normal good, then richer counties should have | ower
pollution |evels because regulation is nore likely to be enforced (Selden and
Song (1995)).

“ Deily and Gray (1991) find that plants that had a hi gher probability
of closing faced | ess stringent regulation and that plants in high
unenmpl oyment areas face |ess regulatory actions. Inplicitly, local regulators
may be engaging in the cost/benefit exercise of trading off jobs for
environnental quality.

Bkahn and Mat susaka (1997) report sone evidence that a California
county’s share of registered Denocrats hel ps explains a county’s propensity to
vote in favor of environnental regulation even after controlling for other
county covariates such as per-capita incone and industrial structure.
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control for climte and geography, | include state fixed
effects. State fixed effects are also likely to control for
regul atory differences across states. |In addition to including
state fixed effects in sone specifications, | explore what is the
i npact of a dummy vari able indicating whether a county was
assigned to particul ate non-attainnent status in 1977. New
plants in counties not in attainment of Clean Air Act standards
face nore stringent regulation while Pre-Clean Air Act vintage
pl ants are “grandfathered” and face | ess stringent regulation.?®

Conbi ni ng estimates of equation (1) and equation (2), |
cal cul ate equation (3) which yields estinates of the quantity of
a city' s reduced pollution caused by reduced manufacturing. To
translate this physical neasure of inprovenent in air quality
into dollar value benefits one needs an estimate of the marginal
val ue per unit. Both hedonic studies (Blonguist et. al. 1988,
Smth and Hwang 1995) and epi dem ol ogi cal studies Portney and
Mul | ahy 1990, Ranson and Pope 1995) consistently indicate that
peopl e value | ower particulate levels. Since air quality is a
| ocal public good, these external benefits are conveyed to al
who live in the county.

It is inportant to note that because the pollution neasure

is anbient air quality, | can use estimtes fromthe

®Hender son (1996) reports that counties that are assigned to non-
attai nment status for ozone snog experience a 7% reduction in pollution
relative to their pre-regulation |evels.
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environnmental valuation literature to calculate “silver |ining”
estimates of the benefits of the reduction in the externality.
This is relevant because an alternative to using anbient air
quality by county would be to use firmlevel em ssions estimtes
as a dependent variable in equation (1) and to run a mcro plant
| evel regression. While estimated mcro em ssions data seens
attractive, anbient environnental neasures dom nate because
individuals ultimately care about anbient air quality not

em ssions. In addition, the validity of estimted em ssions has
been questi oned because the “engineering” em ssions factors are
not reflective of in use emssions. Plants have private

i nformati on about the deterioration of pollution abatenent
capital and their investnent in variable environnental
protection. Thus, reported em ssions factors are likely to

under esti mate actual em ssions. '’

I[11. Pollution Regression Data

As outlined in Section Il, the first step in calculating the
“silver lining” of declining manufacturing is to estimate the

magni tude of each industry’s manufacturing' s externality. To

"Nth respect to in-fleet vehicle enissions, the EPA's Mbile 5.0 data
i ndi cates that actual vehicle enmi ssions per nmle are much higher than the new
car standard a given make i s supposed to achieve. This is evidence that ideal
em ssions per unit of economic activity are not reflective of actual
emi ssi ons.
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estimate equation (1), | use mcro plant |evel data on
manufacturing activity fromthe Census Bureau’s Longitudi nal
Research Dat abase (LRD) which is a panel data set of economc
vari abl es coll ected from manufacturing establishnents in the
Census of Manufacturers and Annual Survey of Manufacturers
prograns. The LRD file contains establishnment |evel identifying
information on the factors of production and the products
produced (LRD Techni cal Docunentation Manual 1992). For each
plant in the Unites States, the data file identifies its state
and county. This data set includes information on the plant's
total val ue shipped, total enploynent in 1967, 1972, 1977, 1982
and 1987, the plant's SIC code and its state and county
| ocation. 1 For each plant in a given two digit SIC category,
add up total val ue shipped by county and deflate this using the
Bartel sman and Gray (1996) price deflator for val ue of shipnents.
This mani pul ation yields for each county/industry in each year,
its real total value shipped. | scale this by county |land area to
create the density of total value shipped for each
county/industry.

O her key independent variables in equation (1) are county
i ncome, manufacturing share of a county enploynment, average firm
size, and county politics. Average manufacturing plant size is

created using the LRD data. The other variables are fromthe Gty

¥Dunne, Roberts, and Sanuel son (1988,1989) study the dynam cs of
i ndustry enpl oynent using the LRD.
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and County data book. To create, the cross-boundary externality
variables | used the Contiguous County File (1 CPSR tape #09835)
whi ch gives each county’s fips code and the adjacent fips codes.
Merging LRD data by county for the neighboring counties allows ne
to create any cross-boundary manufacturing proxy.

Thi s paper focuses on pollutants associated with Rust Belt
manufacturing activity.?® In particular, | study anbient
particul ates and sul fur di oxi de which are two of the six anbient
pol lutants regul ated under the Clean Air Act and total pounds of
t oxi ¢ em ssi ons. The Environnmental Protection Agency 1is the
source of nmy air pollution data. The EPA chooses nonitoring
| ocations to identify which areas are not in attai nnment of the
Clean Air Act standards so that it can inpose nore stringent
regulation to bring these areas into conpliance. EPA nonitoring
intensity varies across states.? The EPA's Aeronetric
Information Retrieval System (AIRS) data base allows ne to

construct each county’s wei ghted yearly nean anbi ent pollution

®ozone is an inportant pollutant that is not analyzed in this paper
Hender son (1996) provides an excellent analysis of industry’ s contribution to
| ocal ozone |levels and ozone regul ation’s effectiveness. Los Angel es and
Denver have the worst ozone problens in the country. Industries that
contribute to ozone include: plastics (SIC 282,307), Industrial organic
chemicals (SIC 286), Steel (SIC 331) and Petrol eum Refining (291). In addition
to chem cal manufacturing, vehicles are a major source of hydrocarbon
em ssions (a precursor of ozone). In Kahn (1996), | docunent that vehicle
em ssions are sharply declining with respect to nodel year

®'n Ccalifornia in 1981, there was one particulate nonitoring station
for every 161, 000 people while in Chio there was one particulate nonitoring
station for every 32,000 people. There is at |east one particulate nonitoring
station in 35%of all counties. 1n 1981, Los Angel es county had 10 stations
whi l e Al l egheny county (Pittsburgh) and Lake county (Gary, Indiana) had 20 and
26 stations respectively.
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| evel s for particulates and sul fur dioxide. Unfortunately, the
EPA did not produce a data network to create a nati onal
conparabl e data set in the 1970s. Crandall (1983) reports
evi dence of a downward trend in particulates in the 1970s (p.
18). M particulate data set includes data on 1072 counties in
1982 and 970 in 1987. Aver age enpl oynent and manufacturing
activity in counties that the EPA nonitored anbient particul ates
was roughly ten tines enploynment in counties that the EPA did not
monitor. This is evidence that the EPA is concentrating its
efforts in nore popul ated area featuring higher |evels of
econom c activity. Sulfur dioxide is used as another air quality
indicator. Coal fired electric utility plants supply 80% of
sul fur dioxide em ssions.? To proxy for electric utility coa
use, | use data fromthe State Energy Data Book on each state’s
electric utility consunption of coal. It is interesting to note
that ny anbient sul fur dioxide data indicates that concentration
levels in Gary, Indiana (Lake county) fell by over 50% between
1970 and 1975 and have been roughly constant from 1975 to 1985
even as industry shrunk sharply in this county.

Wiile it is difficult to proxy for particul ate regul ation,

one tangi bl e proxy exists. | use the 1979 Federal Registar 40 CFR

Zcoal fired electric utilities have been a major supplier of sulfur
di oxi de em ssions an particulate em ssions. There has been a sharp decline in
utility em ssions between 1975 and 1987 as they installed scrubbing
technol ogy. Freeman and Jaggi (1991) provide detail ed case studies of how
over 100 major electric utility plants reduced their em ssions. The State
Ener gy Consunption Estinmates (1989) is the source of nmy data on state coa
consunption by electric utilities.
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part 81 to assign all counties into two groups; those in

attai nment and those not in attainment with the Clean Air Act's
particul ate standard.? Counties not in attainnent face stricter
regulation to bring theminto conpliance. Non-attai nment counties
face nore stringent regulation of new and existing polluting
sources (see Portney 1981). Nationw de, 366 counties were
assigned to non-attainnent status. | find that 45% of all non-
attai nment counties were in the Rust Belt and a random Rust Belt
county has a 26. 3% chance of being non-attai nment but a non- Rust
Belt county had only a 7.4% probability of being classified as
non-attai nment in 1977. Since 1987, the EPA has focused its
regul atory efforts on a subset of smaller particulates called
PMLO. In 1987, 97 counties were assigned to be non-attai nnment
areas. These counties are located nostly in the west.

Ambient air pollution is not the only environnmental margin
af fected by manufacturing. Manufacturing contributes to water
pollution and to bloating landfills through waste disposal. SIC
33 is the third largest producer (of 20 industries) of total
pounds of rel eases, second in |argest producer of underground
injections, and is the largest producer of releases to |land. O
the |l argest 50 producers of toxic releases, fifteen are primary

metals plants. This suggests that declines in this sector have

2The Primary Standard required that an area not have a single
nmoni toring station whose yearly geonetric mean exceeded 75 m crograns per
cubic neter.
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| arge environnental benefits beyond inproved anbient air
quality. To address these margins, | use a third environnental
data set. Using the EPA (1996) cd-romon the Toxic Rel ease

I nventory (TRI), | extract the 1988 data. The TRl contains
specific toxic chem cal release information from manufacturing
facilities throughout the United States. This inventory was

est abl i shed under the Energency Planning and Comunity Right to
Know Act of 1986 which Congress passed to pronote planning for
chem cal energencies and to provide information to the public
about the presence and rel ease of toxic and hazardous chem cal s
in their communities. The TRl indicates each facilities’

em ssions of 343 chemcals. The problemwth TRl data is that

its units are pounds of em ssions.? This is not anbient
environnental quality and thus there are no environnental benefit
estimates to translate pollution reductions into dollar benefits.
For exanple, the five major chemcals released by SIC 33 are

Tol uene, Methanol, Methyl Ethyl Ketone, Xylene and Ammoni a.

While the TRI data is collected at the plant |evel there are no
identifiers to nerge it at the plant level to the LRD. Instead,
use the county identifiers and cal cul ate for each county/industry

in 1988, total toxic releases per dollar of value shipped. This

A second problemwith TRl data is that it is self reported. | have
found no evidence on what are the penalties for fal sely declaring em ssions or
how a given plant’s em ssions could be “audited” to learn its true em ssions.
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is nmy dependent variable and represents the pollution per unit of

econom c activity. Table Three presents the sunmary statistics.

V. Findi ngs

Wi ch I ndustries Create Pol |l ution?

Air pollution (as nmeasured by particulates) is |lower in
counties with | ess manufacturing activity and especially if there
is less SIC 33 activity. |In 1982, nean particul ate |levels for
counties with bel ow national nedian steel production |evels was
49.1. This is significantly smaller than the nean for counties
in the top 10% of steel activity which was 59.4.% This
difference represents roughly a standard devi ation of
particul ates.?  Aggregate manufacturing | evels have a snaller
but positive effect on particulates. Average particulates for
counties in the | owest 10% of the manufacturing activity
distribution was 50.0 while it was 56.0 for counties in the top
10% of the manufacturing distribution.

To further explore each industry’s pollution contribution,

each colum of Table Four presents a separate estimte of

#Crandal | (1993) provides an excel | ent industry overvi ew sketchi ng how
i mport conpetition, the rise of southern mnimlls, and union driven high
| abor costs decreased Rust Belt plant conpetitiveness. Barnett and Crandall
(1986) sketch the differences in integrated steel production (the mgjority of
Rust Belt activity) with miniml|l production. For nore on steel’s production
process see Russell and Vaughan (1976).

®Roughl y 25% of the counties in the 1982 sanple report no SIC 33
activity.
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equation (1).2° M goal is to identify which industries have a
statistically significant inpact on county particulate |evels and
to quantify howlarge is this effect. In results that are
avai |l abl e on request, | have included all 20 two digit SIC
industrial activity variables as independent regressors.
Unfortunately, there is a high degree of multicollinearity

bet ween these economic proxies. In addition to this multivariate
regression, | have also estinmated 20 separate county particul ate
regression nodels to isolate a given industry’' s particul ate
externality controlling only for total enploynent in the county.
| found positive and statistically significant industry inpacts
for ten industries that include: SIC 23 (apparel and ot her
textiles), SIC 27 (printing and publishing), SIC 28 (chem cal s),
SIC 29 (rubber and petroleum, SIC 30 (rubber and plastics), SIC
32 (stone, clay, glass), SIC 33 (primary netals), SIC 34
(fabricated netals), SIC 35 (industrial machinery) and SIC 37
(transportation equi pnment). The individual industry elasticities
for this group of ten ranged from.007% (SIC 28) to .034% (SIC
32). The pollution elasticity for primary netals was .022%
Clearly, these are small estimtes and suggest that only those
areas where there has been a substantial decline in economc

activity wll experience inproved particul ate |evels.

% Al of the particulate and sul fur dioxide regressions are weighted by
t he nunber of nonitoring stations within a county in a given year.
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G ven the high correlation across county/industry variables, the
SIC(h) in equation (1), | have sinplified the specification to
i nclude SIC 29, 30,32, 33,34 and have aggregated up the remaining
categories into an “all other manufacturing” category.
Specification (1) presents a particulates |levels regression
using the 1982 cross-section for 1,072 counties where
particul ates were nonitored. Each of the independent vari abl es
is neasured as industry’'s total value shipped per square mle
of county |and area neasured in mllions of 1987 dollars. The
key finding in specification (1) is that the primary netals
i ndustry has a positive and statistically significant (at the 1%
| evel ) inpact on particulates. Its coefficient of 1.85 indicates
that an extra standard deviation of primary netals activity
raises pollution by 1.4 mcrograns per cubic neter.?” As |
di scuss below, this coefficient’s size indicates that if 10,000
jobs in SIC 33 in Allegheny, Pennsylvania (Pittsburgh) vani shed
then air quality would inprove by 3 units (1/4 of a standard
deviation in 1982). Wile this effect woul d not appear to be
large, it is the largest of all the industries. The Rubber and

Petrol eumindustry (SIC 29) also has a statistically significant

% This finding is consistent with the recent case study by Ransom and

Pope (1995). They study daily Utah hospital adm ssions from 1985-1991 for
breat hi ng probl enms caused by small particulate matter caused by the | oca

steel mll. They have a "natural experinment" because this steel nmll is the
only major producer of particulates in the area and because for one year the
mll shut down due to a | abor dispute. Wen the steel ml|l was open, the area
averaged 12.6 violations of the 24 hour particul ate standard while when the
mll was closed the particul ate standard was never viol at ed.
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i npact on particulates. In 1982, an extra standard devi ati on of
this industrial activity raises a county’s particulate |evel by
.71. SIC 30, 32, and 34 have a positive but statistically
insignificant inpact on particulates. Perhaps reflecting the
mul ticollinearity problem *“all other manufacturing” has the
wong sign but is statistically insignificant. This specification
hi ghlights that different manufacturing industries have different
pollution levels. In results that are avail able on request, |
have further disaggregated SIC 33 into four digit industries such
as SIC 3312 (steel mlls) and have found that a county’s activity
in SIC 3312 has a larger inpact on particulates than other SIC 33
i ndustries. ?®

The next several specifications presented in Table Four
study the robustness of the pollution externality caused by the
primary nmetals industry. Specification (2) is identical to
specification (1) except | now run a nmedian regression which is
robust to outliers. Interestingly, the coefficient on primary
metals grows from1.85 to 2.02. In specification (3), | estimte
a log-linear specification and find that an extra standard
deviation of SIC 33 raises particulates by 2.5% while an extra
standard deviation of SIC 29 (Rubber and Petrol eun) increases
particul ates by 1. 7% and an extra standard deviation of SIC 32

(Stone, Cay, dass) increases particulates by 1.5%

Bsteel nills represent roughly 80% of enploynent in SIC 33 (prinary
nmetal s).
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Estimating the pollution production function at several
points in tine allows a test of whether economc activity's
i npact on pollution is falling. Specifications (4-6) of Table
Four test this hypothesis by estimating the sane pollution
production function but now using the 1987 cross-section. A test
of manufacturing capital’s vintage effects and regul atory success
is to study whether $ (pollution per unit of economc activity)
is falling over tine.? Specification (4) shows that pollution
per unit of economc activity has fallen for SIC 29, 30, 32, and
33. For the primary netals industry the coefficient fell from
1.85 to 1.29. This decline could be generated by a conposition
effect that the ol dest dirtiest plants have died and that new
plants are build under a nore stringent regulatory standard
(Portney 1990). 3%

It is inmportant to quantify manufacturing' s externality in
the Rust Belt because of this region s high population density
and because its capital stock is ol der. G ven the findings in

Tabl e Four and the apparent nulticollinearity problens, |

®While | only have two cross-sections of ambient pollution data in 1982
and 1987, ideally researchers would want to take a | onger tinme-series and
deconpose inprovenents in local air quality by whether they are generated by
declines in the density of polluting activity or because pollution per unit of
econom c activity is falling.

| have al so used ny county particul ate data from 1982 and 1987 to form
a panel to estimate first differenced specifications. | sinplified the
specification to the growh rate of particulates from 1982 to 1987 on the
growmh rate of SIC 33 activity and the growmh rate of all other nmanufacturing
activity. There were 522 observations in the regressi on because 388 counties
have zero SIC 33 activity in this period. Interestingly simlar to the levels
regression, | find a statistically significant and positive elasticity of .02
for primary netals.
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sinplify the specification in Table Five and only include as

i ndependent variables, a county’s density of primary netals

out put and the county’s enpl oynent density and enpl oynent density
squar ed. Enpl oynent density could proxy for many vari abl es such
as transport activity and electric power creation. Specification
(7) presents the estimates for the full sanple based on the 1982
data. | find that primary netals continues to have a significant
i npact on particulates. Interestingly, | have found that

enpl oynment density is statistically insignificant if entered as a
l[inear termbut is highly statistically significant as a
guadratic. The estimates in Specification (7) indicate that an
extra 100,000 jobs in a county which had 500,000 jobs and a
square area of 1000 woul d increase particulate pollution by 1.02
units. In specifications (8-9), | split the 1982 national sanple
into those counties in and outside of the Rust Belt.
Specification (8) presents the Rust Belt results and
specification (9) presents the non-rust belt results. The key
finding is that primary netals activity has a nmuch | arger and
statistically significant inpact on particulates in Rust Belt
counties. Since newer plants fall under the Clean Air Act’s nore
stringent New Source Performance Standards, this is evidence of
t he consequences of older plants facing nore | ax regulation
(Portney 1981, Crandall 1983). Thi s suggests that there is a

| arger air quality gain when older plants decline relative to the
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newer capital vintages |ocated outside the Rust Belt. This
finding is also evidence that newer mnimlls |ocated outside of
the Rust Belt are polluting less than integrated steel plants
(Barnett and Crandall 1986). |In addition to stratifying the data
by whether a county is located in the Rust Belt, | have al so
stratified the data by whether a county was assigned to non-
attainment status in 1977. In results that are avail able on
request, | find that pollution per unit of primary netals
activity is lower in non-attainment than attainnment counties (the
ratio is roughly two to one). While non-attainnent counties
contain nore primary netals activity than attai nnment counti es,
plants in the non-attainment counties pollute less. This is
suggestive evidence that regul ation has played a role in reducing
pollution per unit of primary netals activity. Specifications
(10-12) repeat the estimation using the 1987 sanple. The results
are consistent with they hypothesis that pollution per unit of
econom c activity decline from 1982 to 1987 for the primary
metal s industry.

Tabl e Six presents nore estimates of equation (1) where |
have augnmented the basic specification to include county | evel
vari ables. My goal is to study the robustness of the primary
metals’ inpact and to test certain theories of the production of
pol lution. Specification (13) fits the 1982 | evel of particul ates

as a function of manufacturing and adds to the specification, a
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county’s real per-capita incone in 1980 and its square,

manuf acturing’s share of county enploynent, average manufacturing
pl ant size as neasured by average nunber of workers, and the
share of the county that voted for the Denobcrat candi date for
President in 1980. Primary metal’s coefficient is statistically
significant and positive as is the coefficient on total county
activity in SIC 29, 30, 32, and 34. Several of the new variables
are statistically significant. Increasing the share of a
county’s Denocrats has a statistically significant effect on

| owering particulate levels. One interpretation is that this

vari able proxies for a demand for environnmental protection.
Simlar to Gossman and Krueger’s (1995) cross-national findings
on the relationship between per-capita i ncone and environnent al
quality, | find that at first increases in county incone increase
| ocal pollution |evels but at a turning point of $13,000 (1982 %)
air pollution begins to decline with further increases in incone.
I ncreases in county average firmsize raise pollution |evels.

I ncreasing a county’s average firmsize by one standard devi ation
(44 workers) raises pollution levels by 1.3 units. Deily and G ay
(1991) have found that |arger steel plants may have sone “nuscle”
in mnimzing regulatory burden especially if they can credibly
indicate that they may go bankrupt if regulation is enforced.
Since larger plants are nore likely to be nonitored it is

possi bl e that increased plant size, holding all else equal, would

25



have led to less pollution. Counties where manufacturing
represents a | arger share of the | ocal econony are | ower
pol | uti ng.

My data allows for a test of cross-boundary pollution
externalities. Specification (14) repeats specification (13) but
drops county level primary netals activity and replaces it with
the sumof a county’s activity level plus the its nei ghbors’
steel activity. This new primary netals vari abl e proxies for
total “area” activity levels. Unfortunately, due to collinearity,
| could not include a county’s own primary netals activity and
its neighbor’s as separate regressors. | find that the “total”
SIC 33 coefficient is statistically significant and equal to
1.46. This neans that an extra standard deviation of total own
pl us nei ghbor SIC 33 activity raises a county’s particul ate
levels by 1.75. This is larger than the estimate reported in
specification (13) that showed that for a given county a standard
deviation of SIC 33 activity raises that county’s particul ates by
1.53. This suggests that cross-boundary externalities for
particul ates do exist.

An inportant robustness check on ny results is to include
state fixed effects. Al though they are suppressed, Specification
(15) controls for them Interestingly, the Rust Belt states do
not have | arge positive or negative fixed effects. States such as

Col orado, Nevada, Texas and |daho have | arge positive particul ate
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fixed effects. The coefficient on SIC 33 is robust to state
fixed effects but the coefficients on SIC 29, 30, 32, 34 are not.
Interestingly, the coefficients on share of county that are
Denocrat, share of county enpl oynent in manufacturing and average
county firmsize all flip signs.

The final specification in Table Six switches from
particul ates to sul fur dioxide as the dependent variable. I
include this partially as a robustnest check because it is well
known that coal fired electric power plants (located nostly in
Chio) are the major contributor to anbient sul fur dioxide.
Specification (16) indicates that primary netals plants do not
have a positive inpact on this pollutant but that state coal
consunption is positive and significant at the 1%l evel .3

In Tables Four-Six, | have focused solely on manufacturing s
i npact on anmbient air quality. The primary netals industry has a
robust inpact on air pollution across the specifications.
Clearly, there are other environnmental margins which are affected
by manufacturing. To docunent this, | present additional evidence
based on the Toxic Rel ease Inventory data. The primary netals

industry is the | argest producer of |and waste. TRl data

%To further study the relationship between anbi ent sul fur dioxide and
state coal consunption, | regressed sulfur dioxide at the state/year |level on
state/ year coal consunption by electric utilities. I find strong evidence of a
tenmporal decline in sulfur dioxide per unit of coal consunption. In 1980, 35%
of the nation's electric utility coal consunption was centralized in five Rust

Belt states: West Virginia, Illinois, Indiana, Pennsylvania,and Chio. Thus,
for sulfur dioxide the Rust Belt has experienced inprovenents because coa

i ntensive plants have sharply reduced their pollution per unit of economc
activity.

27



indicate that the primary netals industry is the second | argest
producer of production related waste (SIC 28 Chem cals is the
largest).* |If this waste is not exported out of state, then
this production | eads to increased exposure for those who |ive
near the plant.

My contribution using the TRI data is to explain cross-
sectional variation in toxic releases by county/industries. The
EPA (1996) has cal cul ated national estimates of em ssions per
dollar of output by two digit industry but has made no attenpt to
spatially disaggregate this data to explain cross-county
variation in pollution per unit of economc activity. | estimte
a version of equation (1) to explore how pollution per unit of
output varies with respect to county denographic vari abl es,
politics, the industry in question and state fixed effects. Such
estimates are useful for judging the pollution reductions
possi bl e fromreduced manufacturing activity.

Using the TRI mcro data, | aggregate up for each two digit
industry in each county in 1988 its total toxic releases. | use
the LRD to aggregate up for each two digit industry in each
county in 1987, the county/industry s total value shipped. Thus,
for each county/industry |I have an indicator of total toxic
rel eases and total output. Formng a ratio of the two yields a

county/industry’s pollution per dollar of output. For exanple,

®'n 1994, SIC 33 produced 22.33 nillion pounds of production related
waste per billion dollars of value of production (EPA 1996 Table 2-27).
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total pounds of toxic releases per dollar of output by SIC 33 in
Al | egheny county in 1988 is one of the observations, | try to
explain. A high value of ratio indicates a pollution intensive
sector. Table Seven reports ny findings for explaining cross-
sectional variation in county/industry toxic rel eases per unit of
dollar output. | include as independent variables: a county’s
share of denocrats, incone, college graduate share, size of

firms, population density, and manufacturing ratio. Since this
is industry level data, | include industry fixed effects as well
as state fixed effects. To sinplify the presentation, SIC 33 is
the omtted category. Since nost of the industry dunmes are
negative, this is additional evidence that there is a “silver
lining” of the decline of SIC 33. Only SIC 25 (Furniture and

Fi xtures), 26 (paper) and 28 (Chem cals), 31 (Leather), 37
(transportation equi prent) pollute nore per unit of output.

St udyi ng the suppressed state fixed effects, | find Interesting
that I no evidence that pollution per unit of activity is higher
in Rust Belt than outside the Rust Belt. 1In fact, New Jersey has
one of the |lowest state fixed effects and the highest state fixed
effects tend to be in | ess popul ated areas. | have correl ated the
state fixed effects fromthe particulate fixed effect regression,
specification (15), with the TRl state fixed effects and found no
evi dence of a positive correlation. Addi tional interesting

findings reported in Table Seven are that pollution |evels per
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unit of output are | ower where nore of a county’s popul ation vote
Denocrat or are nore educated. In addition, | find weak evidence
that richer counties are exposed to |less pollution per unit of
output. | find stronger evidence that nore densely popul at ed
counties feature |less pollution. The education, Denocrat, inconme
and density findings all consistent with the Coasian concept that
polluting activity wll mgrate to where its social costs are
lowest. Finally, |I find that |arger average plants sizes are
associated with nore toxic rel eases per unit of output. This may
be evi dence that such plants have sone influence on avoiding

bei ng regul at ed.

Which Cities have the Biggest Externality?

Pol | uti on production function estimtes for anbient
particul ates and toxic rel eases have clearly shown the inportance
of SIC 33 as being a high polluter per unit of activity. Table
One showed that SIC 33 is a large industry that has been mainly
concentrated in the Rust Belt. This industry has declined
sharply especially between 1977 and 1982. Pennsyl vani a
experienced the destruction of 71% of these |jobs between 1967
and 1987.%*  The primary netals industry is highly centralized

in the Rust Belt. 1In 1967, 6.9% of the nation s manufacturing

®Davi s, Haltiwanger and Schuh (1996) present additional docunentation
of the decline of the steel industry fromthe 1970s-1980s (pl12).
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jobs (1,281,000) were in SIC 33 industry. 67.4% of these jobs
were in New York, New Jersey, Pennsylvania, Ohio, |ndiana,
II'linois, Mchigan and Wsconsin. It is intuitive that those
cities whose enploynent was concentrated in primary netals wll
experience the largest pollution reductions.

In this section, | quantify for cities whose enpl oynent was
concentrated in SIC 33 how | arge an inpact did the decline of SIC
33 have on such cities’ pollution |levels. In the absence of
reliable pre-1980 data, it is an interesting interpolation
exercise and it presents evidence on the size of the “silver
lining” of this nost polluting sector. To quantify the “silver
lining” for Gary and Pittsburgh, | use equation (3) which rel ated
changes in enploynent to changes in pollution. To inplenent
equation (3), | need estinmates of the relationship between
manuf acturing activity and pollution levels. | use the estimates
from Tabl e Five, specification #7 and #10 and conbi ne these with
the results in Table Ei ght that present estimates of each two
digit SICindustry’'s real average val ue product by year.3 For
al nost all the industries, the average val ue product of |abor has
i ncreased from 1972 to 1987. For primary netals there is a 30%

increase from 1972 to 1987. This is evidence that | could not

¥ created this table by sorting the data by year and by two digit

i ndustry and for each year/industry summ ng up total val ue shipped and total
enpl oyment only for Rust Belt plants. Dividing total value shipped by industry
by year by total enploynent yields each industry’ s average product by year. |
use the Bartel sman and Gray (1996) production price deflator to translate the
dol 'ar value into 1987 doll ars.
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have sinply regressed 1982 pollution on 1982 SIC 33 enpl oynent

| evel s and interpolated back in tinme based on earlier SIC 33
enpl oynent | evels. This approach woul d have overesti mat ed

previ ous pollution |levels caused by primary nmetals activity
because a unit of |abor in 1982 produces nore output than in the
past .

Tabl e Nine presents the counter-factual of how nuch higher
was a county’s air pollution in the past because of higher past
levels of SIC 33 activity. In Table Nine, |I present the index for
Gary, Pittsburgh and Los Angeles. | include the latter city as an
exanple of an inportant non-Rust Belt city that was experiencing
manufacturing growmh during this time interval. The index’s
units are mcrograns per cubic neter. | predict that the decline
of SIC33 in Gary, Indiana has led to a 18 unit increase in air
quality from 1972 to 1987 and for Pittsburgh an increase of 13.*®
Unli ke these Rust Belt cities, Los Angeles’s manufacturing growth
is predicted to not have degraded local air quality.® It is
inportant to note that these interpol ations are based on the

assunption that the estimate the 1982 estimates of pollution per

®Gary, Indiana is defined as Lake County and Pittsburgh is Al egheny
county. Youngstown, Chio (Mhoning county) is another area that has
experienced a sharp steel decline (Crandall 1993). The anbient particul ate
data indicate this county’'s particulates fell from@80 units to 53 from1981 to
1986. Based on the actual particulate data, Gary’s air pollution fell from
89.4 to 70.4 from 1981 to 1986 and Pittsburgh’s air pollution levels fell from
69.8 to 50.1.

®t is inportant to note that ny county economc activity neasures are
densities, i.e. they are scaled by county area and Los Angeles is a very large
county.
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unit of activity held in 1972 and 1977. Since the pollution per
unit of economc activity fell from1982 to 1987, it is likely
that my index is a | ower bound on the pollution decline. This is
especially likely if environnmental regulation has | owered

pol lution per unit of economc activity in the 1970s.

What is the dollar value of the reduced pollution

externality? | use estimates from Portney (1981) and Smth and
Hwang (1995). Portney reports EPA estinmates of the nortality
risk fromparticul ate exposure. | use these estimtes and

calculate an individual’s willingness to pay for reduced
particulates. To sinplify the calculations, | assune that people
are risk neutral and that their willingness to pay for reduced
particul ates is independent of the current |evel of

particul ates.® Table Ten reports willingness to pay for reduced
particul ate | evel s under different assunptions on one's val ue of
life and the nortality inpact of particulates. Taking the
nortality rate of an increase in particulates as given, |
estimate how nmuch a risk neutral individual would be willing to

pay under different scenarios on his value of |ife (Viscusi

%Portney takes an EPA's nortality study's estimate that a 18 nicrogram per
cubic nmeter reduction in particulates wll |ower the annual risk of death for
a mddl e aged man by .00009. This inplicitly is assumng that nortality is a
linear function of particul ate exposure.
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1993).38  Table Ten indicates that an individual, age 45-64,

who values his |life at $5 mllion dollars would be willing to pay
$2000 for a 10 unit decrease in particulates. Interestingly, this
$200 per unit paynent is just double the nean estinmate Smith and
Hvang' s (1995) neta-anal ysis of hedonic hone price regression
capitalization of local particulate |evels. Evaluating over 80
city level hedonic studies which estimated the inplicit
capitalization of particulates into home prices, Smth and
Hwang’ s (1995) neta-analysis reports a nean home price
capitalization of $100 per particulate unit and a medi an of

$22. 3% These val uati on approaches estimates suggest that
Pittsburgh’s thirteen unit inprovenent translates into a one tine
dol | ar gain of $1300-%$2,500 gain for a famly who noves there.
This is likely to be a | ower bound because | am assum ng that the
margi nal utility of reduced particulates is a linear function
when instead the willingness to pay would be higher in |ocations
wi th higher pollution |evels. These estimtes are al so
conservative because | have only estinmate the inpact on two

environmental margins. Further research could incorporate ozone

BMWultiplying the value of life times the probability of death yields the
upper bound of what a risk neutral fully inforned agent would be willing to
pay to avoid exposure.

®I'n their cross-city study, Bl omuist, Berger and Hoehn (1988) report a
yearly full price of $.36 per unit of particulates. Thus, an individual would
pay $3.6 a year for a 10 unit reduction. Assuming a 5%interest rate this
woul d equal a one tinme paynment of $72. This cross-city estimate is
significantly lower than hedonic estimates fromwithin city estimates (Smth
and Hwang 1995).

34



snog declines attributable to steel activity declines. In
addition, | have assuned that the environnental benefits of
reduced activity only affect the county. Incorporating cross-
county spillovers would lead to a | arger benefits estimate. It
is inportant to note that air quality is a |local public good,
thus reductions in pollution in popul ated areas will have | arger
total health benefits than if a polluting plant had closed in a
| ess popul ated area.

Since the TRI is em ssions, not anbient data, | cannot nap
it into anmbient concentrations to yield a willingness to pay per
ton of em ssions. For exanple, in constructing the dependent
variable in the TRl regressions, | add tons of air rel eases,

water, and | and and across chenicals released to formtotal
pounds of all toxic releases. Linking TRl releases to hedonic

val uation would be possible if there were estimtes of how TR
rel eases that are not shipped out of state increase the

i kelihood of a new Superfund site being announced. |If one could
[ink the “production” of Superfund sites to the quantity of
county/industry TRl em ssions, then one could use recent
estimates of the inpact of proximty to Superfund sites on hone

prices as a valuation neasure (see Kol hase 1991, Kiel and MC ain

1995).

V. Pollution Externalities and U ban Conpensating Differentials
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The decline of primary netals |leads to inproved air quality
but city quality of life mght still fall if increased | ocal
unenpl oynment lead to a | ower tax base and | ower |evel of services
provi ded. Land owners bear the incidence of shocks to | ocal
anenities such as identification of new Superfund sites or
i nproved efficiency in the provision of |ocal public education.
Reduced demand for Rust Belt steel should Iower land prices in
Pittsburgh and Gary because the value of proximty to the
production centers falls by nore than the val ue of increased
environnmental levels.? |f air quality is a normal good, then
unenpl oyed manuf acturing workers who were honme owners are |ikely
to sell out and nove to another city as their enpl oynent
prospects have fallen. It is possible that service workers and
service firms will be attracted to Rust Belt cities that now
offer lower rents and higher anenity |levels than before the
decl i ne of heavy manufacturing.

The regional adjustnent literature has stressed mgration's
role in helping |local |abor market demand adjust to shocks
(DaVanzo 1978, Bl anchard and Katz 1991, Bartik 1991). If | ocal
anenities and | ocal industrial output are |inked, then declining
cities may experience an offsetting inprovenent in quality of

life that nmay accelerate a city’s adjustnent to a negative

0t herwi se, the Coase theoremwoul d say that the plant should not have
exi st ed.
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sectoral demand shock. * As Rust Belt cities offer inproved
environnmental quality but |ess econom c opportunity for |ow
skilled workers, there may be an out mgration of manufacturing
wor kers and immgration of high skilled service workers. Clearly
the extent of this reallocation depends on whether “footl oose
wor kers” care about environnmental anenities and whether their

earni ngs are independent of output in the declining sector.

VI. Concl usion

Based on a spatial nmerger of county |evel anbient air
quality data to mcro manufacturing data, this paper presented
new estimates of manufacturing s pollution externality. | found
that Rust Belt counties, that had a high concentration of primary
metals activity, experienced significant inprovenents in
environmental quality as neasured by particulates and toxic
rel eases. This paper’s estimates of the environnmental “silver
[ining” of declining manufacturing activity can be used as an
input in a full cost/benefit analysis of regional sectoral change
from manufacturing to services.

My cal cul ations are suggestive that for heavily
undi versified cities such as Gary and Pittsburgh, the total

val ue of the environnental externality, including water

“The key counter-factual is to ask how quickly would a city “rebound”
if the declining sector did not cause an increase in |local anenities?
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degradation and toxic releases, is substantial. As indicated in
Tabl e Four, the externality estinmates for other industries are
relatively low Only cities such as Gary, Indiana or Pittsburgh
w th huge concentrations of enploynent in the polluting sector
are likely to experience a significant inprovenent. |In 1972, the
Rust Belt did have a heavy share of SIC 23 (Apparel), 35
(I'ndustry Machinery), 36 (Electronics). For the Rust Belt as a
whol e these industries declined by roughly 300,000 jobs, 220,000
j obs, and 240,000 j obs respectively between 1972 and 1987 but |
find no evidence of a “silver lining” for cities wth enpl oynent

concentrated in these industries.
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Tabl e One

Enpl oyment Trends in SIC 33 (Primary Metals)

State 1967 1972 1977 1982 1987 1967 to
1987 %
change

Nat i on 1281 1143 1114 854. 1 701. 1 -45. 3

Illinois 108. 6 98 89 60. 7 43. 2 - 60. 2

I ndi ana 111 103 102 86. 2 60. 3 -45.7

New Jer sey 37.6 31 21 21.6 18. 3 -51.3

New Yor k 72.9 58 53 38.2 22 -69.8

Chi o 169. 6 142 134.2 97. 6 65. 6 -61.4

Pennsyl vani a 233.1 186 172 118. 7 67.3 -71.1

Six State's 57.2% 54. 1% 51. 2% 49. 4% 39. 5%

share of

nationa

enpl oynent

in SIC 33

Enpl oyment Expressed in 1000s. Data Source: LRD and Printed Records of the

Census of Manufacturers Geographic Area Series

Tabl e Two
Manuf acturi ng and Services Enpl oynent Shares
Vari abl e Nat i on Non- Rust Rust Belt Los Pi tt sburgh
Bel t Angel es

1970 21.9 18.8 27.3 24.7 24.7

manuf act uri ng

share

1980 18.5 16. 8 22.1 21.9 20.0

manuf act uri ng

share

1989 14.7 13.8 16. 6 17.7 10. 6

manuf act uri ng

share

1970 service 18.5 18.6 18.3 22.4 23.2

share

1980 service 21.7 21.3 22.6 26.5 27.1

share

1989 service 27.0 26.5 28.2 32.2 36.8

share
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1970- 1989 % 1.4 22.1 -23.6 11.7 -53.4
change in

manuf act uri ng

enpl oynent

manuf acturing and service shares are share of total enploynent in a county in a

given year. The data source is the BEA's REIS cd-rom

Tabl e Three

County Level Summary Statistics

County Level Variables nean st andard
devi ation

nean particulates in 1982 50. 108 15. 41
total value shipped per square mle of SIC 29 (Rubber .20 1.34
and Petrol eum

total value shipped per square nmile SIC 30 (Rubber .10 .30
and Pl astics)

total value shipped per square nile SIC 32 (Stone, .072 .20
clay and gl ass)

total value shipped per square mle SIC 33 (Primary .19 .74
Met al s)
total value shipped per square mle SIC 34 .24 .83
(Fabricated Metals)
total of county total value shipped per square nmle 4.84 40. 69
1982 incone (1, 000s) 10. 21 2.14
share of denocrat vote for president . 399 .10
total value shipped per square nmile .61 2.05
Total of SIC 29, 30,32 34

Externality Variable: total val ue shipped per square .39 1.21
mle

Local SIC 33 + adjacent county SIC 33

Manuf acturing’s share of total enploynent in 1982 . 172 .108
Average firmsize 60. 19 44.13
mean sul fur dioxide in 1982 19.01 13. 36
electric utility coal consunption by state (1000s 369. 26 336
t ons)
TRI Total Rel eases in 1988 70. 12 2317

county is the unit of analysis. Al manufacturing data reported here are from
1982. The 1987 manufacturing summary statistics are avail able on request.

Manufacturing’s units are mllions of 1987 dollars tota

val ue shi pped per square

mle of county land area (total millions of 1987 dollars val ue shi pped per county

square mle). TR releases are pounds of all rel eases per $1,000 of a

county/industry's total val ue shipped
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Tabl e Four

OLS Pol | ution Regressions Based on 1982 and 1987 Data

Pollution, = ), B,*SIC(h), + €,

specificiation (1) (2) (3) (4) (5) (6)
1982 data 1987 data

dependent vari abl e TSP TSP | og(TSP | TSP TSP | og( TSP

) )

i ndependent vari abl es as Medi an as as Medi an as
Nationa | Nationa Nationa | Nationa Nationa | Nationa
I I I I I I
Sanpl e Sanpl e Sanpl e Sanpl e Sanpl e Sanpl e

SI C 29 Rubber and LTLx* .61* .013%= . 020 -.12 . 0009

Pet r ol eum (.22) (.26) (.0042) (.29 (.25) (.005)

SI C 30 (Rubber and 1.44 1.85 . 032 .16 -.29 .016

Pl astics) (1.73) (1.97) (.033) (1.67) (1.58) (.029)

SIC 32 (Stone, d ay, 3.59~ . 64 . 079% 2. 39 3.10** . 052%

gl ass) (1.91) (1.56) (.037) (1.52) (1.00) (.026)

SIC 33 (Primary 1.85%* 2.02** . 034%= 1.29%* 2.06** . 024%*

Met al s) (.34) (.32) (.007) (.39) (.32) (.007)

SIC 34 (Fabricated .32 .99 . 010 .55 .83 . 011

Met al s) (.50) (.65) (.01) (.53) (.58) (.009)

all other -.018 -.011* -.00034 |-.003 -. 005 -. 00007

manuf act uri ng except (.013) (.005) (.00025 | (.015) (.004) (. 00027

Sl C 29, 30, 32, 33, 34 ) )

const ant 50. 42** 48. 06** 3.89 54. 00** 50. 16** 3. 94**
(.49) (.53) (.0094) (.63) (.63) (.01)

R2/ obs .09 .09 .09 .03 903 .07 .05
1072

Note: standard errors in (). Each colum of this table reports a separate

regression where the dependent variable is a county’s nean pollution reading in
1982. This air quality measure is regressed on county manufacturing activity in a
given two digit SICindustry. This table reports the coefficient fromthe
particul ate regression and its statistical significance; ** indicates 1%l evel
and * indicates 5%/ evel




OLS Pol | ution Regressions

Tabl e Five

. _ 2
Pollutzonjt = Bt*SIC(33)jt + I‘t*Empﬂ + Y Emp; + €,
speci fication (7) (8) (9) (10) (11) (12)
1982 1987
dependent vari abl e TSP TSP TSP TSP TSP TSP
i ndependent vari abl es as as as as as as
Nationa | Rust Non- Nat i ona Rust Non-
I Bel t Rust I Bel t Rust
Sanpl e Sanpl e Bel t Sanpl e Sanpl e Bel t
Sanpl e Sanpl e
SIC 33 (Primary 2.31** 2.41** 1.40 1.54** 1.82** .35
Met al s) (.31) (.27) (1.17) (.36) (.30) (1.50)
enpl oynent 11. 26** 15. 59** 44, 59** 11. 06** 17.51** 33. 58*
(4.19) (5. 90) (14.76) | (4. 49) (6.17) (15. 59)
enpl oynent squar ed -1.04** -1.42%* - -.91% -1.42%* -24. 06~
(.39) (.53) 40. 42** (.40) (.52) (14.6)
(14.97)
const ant 50. 87** 49. 62** 50. 78** 53. 63** 50. 13** 54. 06**
(.47) (.72) (.62) (.57) (.85) (.75)
observations 1072 284 788 903 226 656
R2 .07 .27 .03 .03 .20 .01
Note: standard errors in (). Each colum of this table reports a separate

regression where the dependent variable is a county’s
This table reports the coefficient fromthe particulate regression and its
** jndicates 1% | evel

1982.

statistical significance

Specification (12) excludes al

10, 000 j obs per square m

le; its nmean is

and *

nean pollution reading in

i ndi cates
data points from texas. Enpl oynent
.033 and its sd is

.35

5% | evel .

is neasured in
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Tabl e Six

1982 OLS Pol | uti on Regressions Augnmented Specifications

Pollutionjt = Eh Bht*SIC(h)jt t X+ €,

speci fication (13) (14) (15) (16)
pol | ut ant TSP TSP TSP sz
i ndependent vari abl es as as as as
state fixed
effects
supr essed
al | other manufacturing -. 004 -. 0122 . 009 -.14
(.011) (.012) (.0098) (.10)
the sumof activity in LT79** LT79** .22 .42
SIC 29, 30, 32, 34 (.16) (.17) (.15) (.33)
SIC 33 2.07** 1.80** -.93
(.34) (.30) (.71
SI C 33 for county and 1. 46**
adj acent counties (total (.27)
externality)
Share of County that vote -14,17** -14. 00** 12. 93* -.63
Denocrat 1980 (4.87) (4.89) (5.34) (10. 80)
per-capita county incone 2. 25~ 2. 25~ 4. 35** -4.08
(1.33) (1.33) (1.24) (3.31)
square of per-capita -. 086~ -. 085~ -.16** .21
county incone (.055) (.056) (.052) (.13)
manuf acturing’ s share -23.63*%* - 24, 54** 6. 80 43. 4
(6.03) (6.05) (6.17) (12.81)
Average firmsize . 032* .037** -. 002 .05
(.014) (.014) (.013) . 041)
coal . 0137**
(.0021)
const ant 44 27** 43.97** 22.72
(8.32) (8.31) (21.67)
R2 .12 .11 . 45 . 26
observati ons 1070 272

Note: standard errors in ()

dependent variable is a county’'s
coefficient fromthe regression and its statistica
Share of denocrat

i ndi cates 5% | evel
presidential race
county share of enpl oynent

by electric utilities.

Each colum of this table reports a separate regression where the

in 1982 in manufacturing
manuf acturing divided by the nunber of plants in the county. Coa

mean pollution reading in 1982.

significance. *
is the share of acounty voting for denocrat
Income is county per-capita incone in 1982, manufacturing’s share is a
conpetition is county tota
is state consunption of coa

This table reports the
* indicates 1% evel
in 1980

enpl oynment

and *

in
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Tabl e Seven

1988 County Toxi c Rel ease I nventory Regression

log(Y,,) = Y., ®,xD(h), + §+X, + U,

Y, = TR Emissionsjh/T otal Value Shippedjht)

The unit of analysis is industry hin county j at tine t.

for industry. State fixed effects are included.

The i ndependent variable D(h)

is a dummy variabl e

i ndependent vari abl es Bet a standard error
21 Tobacco -.03 .98

22 (Textile MII) - T3 .20

23 (Apparel and Qther Textiles) -1, 14%* .40

24 (Lunber and Wod) -1.35%* .16

25 (Furniture and Fi xtures) . 84%* .18

26 (Paper) .10 .16

27 (Printing and Publi shing) -.65%* .19

28 (Chemical s) . 31* .13

29 Rubber and Petrol eum -1.17** .21

30 (Rubber and Pl astics) .22~ .13

31 (Leather) .42 .27

32 (Stone, day, glass) -1.01** .15

34 (Fabricated Metals) -. 30% .13

35 (I ndustrial Machinery) -1.02%* .14

36 (El ectronics) -. 25~ .14

37 (Transportation Equi prent) .16 .14

38 (I nstrunents) -.80** .20

39 Msc . 60** .19
Share of Denocrat 1980 -.88* .41
per-capita i ncome -.84 .63
square of per-capita incone . 0000135 . 000012
county col | ege graduates as a share of county -7.08%* 1.59
popul ation in 1980

Average manufacturing firmsize . 0021* . 001
popul ation density (people per square mle of county -.000046** . 000012
| and area)

manuf acturing ratio -.96% .44
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Each colum of this table reports a separate regression where the dependent variable is a county/industry’'s
total TR releases scaled by county/industry total value shipped. This has the interpretation of pollution per
unit of output. Onmtted industry is SIC 33 primary netals; the nmean and standard deviation for percentage ba
is .08 and .034 and for density is 637 and 2627. (bservations equals 7048 and the R2 is .10

Tabl e Ei ght

Rust Belt Average Val ue Product by Industry by Year

SI C nane and nunber 1972 1977 1982 1987

20 Food products 157. 2271 186. 8628 207. 5931 234.9781
21 Tobacco 110. 5954 141. 0508 165. 3193 263. 7126
22 (Textile M11) 59. 00282 63. 62746 64. 96477 78. 56157
23 (Apparel and O her 44,5443 50. 61849 60. 07906 74.12732
Texti |l es)

24 (Lunber and Wbod) 72.11079 67.8007 70. 68777 85. 84425
25 (Furniture and 62. 38874 66. 9283 74. 38477 86. 56307
Fi xt ures)

26 (Paper) 103. 7367 119. 9257 126. 0971 144.9128
27 (Printing and 87. 46735 93. 17104 92. 52355 102. 8598
Publ i shi ng)

28 (Chenical s) 172.0116 196. 6546 193. 8087 267.7779
29 Rubber and 688. 2892 856. 1199 764. 2761 926. 4109
Pet r ol eum

30 (Rubber and 76.49721 77.4915 81. 15758 99. 84039
Pl asti cs)

31 (Leat her) 48. 33584 52. 80254 55. 7416 70. 07589
32 (Stone, d ay, 90. 21223 94.11768 90. 9028 116. 2552
gl ass)

33 (Primary Metals) 134. 3867 142. 5385 127.5151 174.1382
34 (Fabricated Metals) 90. 40461 95. 73618 89. 36993 106. 7395
35 (Industri al 32. 83267 61. 81825 73. 50094 109. 4954
Machi nery)

36 (Electronics) 63. 62366 77.21139 87. 20531 106. 284
37 (Transportation 168. 0768 195. 423 171. 6954 235. 1835
Equi prent )

38 (I nstrunents) 75. 07327 85. 3706 95. 28526 121. 149
39 Msc 69. 34592 77.6582 81. 00214 94. 95663
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For Rust Belt states, | calculate total value shipped for each industry in each
year and divide this by total enployment for each industry in each year. This

yi el ds average product by industry by year. The total val ue shipped data is
nmeasured in $1,000s of 1987 dollars using the Bartel sman and Gray (1996) price
defl ator for value of shipnments. This table is based on equation (2) in the text.
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Tabl e N ne

Predi cted County Inpact of Declining Primary Metals Activity

Los Angel es Gary, IN Pittsburgh, PA
County Lake County Al | egheny
County

Year i nput ed i nput ed i nput ed
particul ate particul ate particul ate
| evel | evel | evel

1972 54.1 87.1 68. 4

1977 54.1 88.1 68. 8

1982 53.7 77.9 61.1

1987 53.6 65. 6 55.4

For each county in each year, the index shows what a county’s
particul ate level would be if primary netals had renmai ned at
earlier levels of activity (i.e if there was no job destruction
in the primary nmetals sector), holding total enploynent at its
1982 | evel .

pollution;, = By % by, (*Emp(33),, , + ¢

The # is fromspecification (7) in Table Five for years 1972,
1977, and 1982 and is fromspecification (10) in Table Five for
1987. N(33) is taken from Table Eight. Enp(33) is enploynment in
SIC33 incounty j at tinme t-k. Cis the county’s total

enpl oynent
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Wl lingess To Pay for

Tabl e Ten

Reduce Particul ate Poll ution

t hought val ue of change in an
experi ment life nortality rate for i ndi vi dua
denogr aphi ¢ group I's Risk

Neutra
WI'P

particul ates 5, 000, 000 . 0004 2000

decline by 10 (men aged 45-64)

particul ates 5, 000, 000 . 00005 250

decline by 10 (men aged 45)

particul ates 1, 000, 000 . 001 1032

decline by 10

men aged 65+

Mortality rates for a given reduction in particul ates are taken

from Portney (1981).
cal cul ated by nmultiplying the val ue of
nortality rate.

Ri sk Neutr al

willingness to pay (WIP) is
life by the change in the
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